e clay layers at hilly regions in the study area were very thick. e presence of very thick clay caused several difficulties in terms of environmental management, particularly in reducing georisk due to landslide. However, initial observations proved that areas of active landslides had better vegetation cover. e objective of this study was to find out ecological roles of landslides in livelihood in the Middle Bogowonto Watershed. e ecological roles of landslide were examined through field empirical evidences. Texture, bulk density, permeability, structure, and index plasticity were conducted for analyses of soil physical properties.
Introduction
Landslides were the natural geohazard that widely occurred throughout the world. Many studies of landslides showed that they were destructive geohazard [1] , caused loss of hundreds of lives and damage of infrastructures [1, 2, 3] . e behavior of landslides was mostly influenced by fluctuating water content and stresses in the unsaturated zone [4, 5] . One of the stresses in the unsaturated zone resulted from soil characteristics such as clay content [6] .
Clay becomes the potential slip zone in an outcrop causing landslides. Clay had characteristics of swelling, sensitive to humidity, and hydrous [7] . e small initial slip of clay might trigger large landslides that covered huge area [8] . e composition of landslide slip zone was crucial in understanding the mechanism of land sliding [9] .
e abundance of clays in landslide body had significant effect on the mechanical properties of slip zone [10, 11] . e study of Wen and Aydin [12] stated that the slip zone of landslide was the natural shear zone resulting from different stress disseminated through different lithologies. e presence of clay in the hilly region is strongly attributed to landslides. Given that topography of the hilly region was complicated, clay played an important role in provoking slope failure to result in landslides [13] . e study of Wang et al. [14] assumed that if distribution of clay in subsurface was established, the potential damages caused by landslides could be better mitigated. In fact, landslide related to clay not only has significant influence on surface geomorphology but also on environmental problems.
Middle Bogowonto Watershed was chosen as the study area since it presented a good overview of the landslide prone area with high density of agriculture livelihood. e study area is located in the southern part of Java. It is dominated by rough relief, and 65% of the area is covered by hilly areas (Figure 1 ), and hence, the area is highly prone to geomorphic processes. e area is a transitional landscape zone of Sumbing Quaternary Volcanic Systems and Menoreh Tertiary Volcanic-Structural Systems. Consequently, it has a unique geological relationship with soils, and most of it is underlain by weathered volcanic materials and covered by volcanic ash deposit or landslide deposit. In some areas, the geological relationship with soils is also induced by hydrothermal alteration that resulted in heavily altered volcanic materials. Variation of lithologies in different processes influences the characteristics of soils, which are crucial for landslides.
Generally, a short-term perspective of the impact of landslide had considered landslides as disasters. e processes and mechanism of landslides derived from hydrologic, geomorphologic, pedologic, and geotechnic perspectives are largely investigated. However, a comprehensive and a long-term ecological perspective of landslides have received less attention.
e effects of landslides on physicochemical characteristics of soils and on local livelihood have not been well understood.
is knowledge gap is better approached using the analysis of ecological perspective of landslides that could accommodate socioecologic aspects in the landslide prone area. It is important because local people are greatly dependent on land for crop production and for their sustainable livelihood.
us, the study aimed at finding out the ecological roles of landslides in altering physicochemical characteristics of soils and their impact on local livelihood in the Middle Bogowonto Watershed.
Materials and Methods

Field Sampling.
e soil sampling method used in the study was purposive sampling based on variation of uppermost soil materials in the study area such as volcanic ash deposit, weathered and altered andesitic breccias, weathered marls, and weathered tuff. ere were 16 soil profiles investigated here, which represented the variation of soil materials in the study area (Table 1 ). e profiles were described using the Guideline for Soil Description [15] .
e ecological roles of landslide were examined through field empirical evidences in the form of observation of the landslide locations and direct measurement. e study was conducted with extensive field survey method in the key areas through census of the existing landslides. In the key areas, the study carried out field observations of the characteristics of the existing plant and crop and the water availability, while soil sampling was drawn for laboratory testing.
Stepwise interpretation was made from global to local scales using 1 : 100,000-1 : 25,000 Indonesian topographic maps and remote sensing images of 30 m-<10 m spatial resolution.
e data of the identified and measured parameters of the spatially correlated landslide occurrence were analyzed.
Sample Analyses.
e 16 soil profiles were analyzed qualitatively and quantitatively. Qualitatively, soil profile development was directly described using in-field horizon differentiation. Meanwhile, quantitative soil profile development was analyzed in the laboratory. Some laboratory tests of soil physical properties were conducted, including texture, bulk density, permeability, structure, and index plasticity. e textures were measured in V < 2 mm of airdried soil particles. e particle sizes criteria were based on the USDA classification system: sand (V2 mm-0.05 mm), silt (V0.05 mm-0.002 mm), and clay (V < 0.002 mm). e organic carbon (C) was measured using the wet method by Walkley and Black [16] . e organic carbon (C) is multiplied with a conversion number (1.724) to obtain SOM content.
e CEC analysis of NH 4 OAc was made at pH 7.0 and followed by distillation of soil-filtered sample. e liquid resulting from the CEC extraction (aliquot) was used in the analysis of cation bases (Na + , K + , Ca 2+ , and Mg 2+ ). e analysis of mineralogical properties was made to detect the crystalline and noncrystalline minerals. e analysis also aimed at determining the clay type. XRPD (X-ray powder diffraction) was carried out in this analysis using the Bruker D8 Advance scanner tool. XRF was also conducted to measure total elements quantitatively.
Results
e results showed that the dominant texture in the profiles were clay and silt loam (Table 1 ). e texture controlled the characteristics of soils in the study area. Most of the soil profiles showed that the texture of surface horizon was finer than that of C horizon. However, soils that developed from altered volcanic materials had dominant fine textures in all horizons.
Most of the soils in the study area were indicative of high clay content (>60%). It was considered as extreme clay content because the percentage of clay in usual soils that developed from weathered materials was ≤30% (Table 1) . Such extreme clay content was only possible because of the heat-relating alteration process that induced intensive transformation of primary minerals into secondary minerals [17] . It showed that the alteration process of volcanic rock became the main determinant factor of the high clay content of certain soil profiles in the study area as shown in profiles 6, 11, 12, 14, and 15 (Table 1) .
e domination of volcanic ash deposits and altered volcanic materials as surface materials was the causal factor of the soils with the extreme clay content in the study area.
is extreme clay content (Table 1) was possibly formed by feldspar kaolinization [18] as the alteration process changed the feldspar mineral in volcanic rocks into kaolinite minerals [17] . It was corroborated by the study of Zhang et al. [19] and stated that intensive magmatic activities produced clayaltered materials due to mineralization of metallic sulfide deposits that related to volcanic materials. erefore, the mineral compositions of the parent rock in the study area became the main determinant factor of the extreme clay content in the altered volcanic materials [20] . Additionally, the other author confirmed that the major cation bases Ca 2+ , Mg 2+ , and Na + generally decreased with the increase in alteration intensity [17] . It meant that the amount of the major cation bases was lower in the soils that developed from altered volcanic materials than those in the soils that developed from weathering materials, as shown in Table 1 .
e high clay content of the soils might cause solid soil in the profiles. Furthermore, it was found that the clay layers in the hilly region of the study area were very thick. e field measurement on the particular outcrops showed that the depth of the clay layers in a profile was more than 10 m (Table 2) . Moreover, the previous study in the study area showed that a prediction based on geoelectric measurement showed the depth of the clay layers was more than 150 m. Each of the clay layers had its own genetic formation and hence resulted in different clay sensitivity (Table 3 ). e lower clay layer performed ancient hydrothermal action. e middle clay layer developed from old-volcanic ash. e upper clay layer was the result of typical soil development where the clay layer was indicative of B-horizon performance. e uppermost 2 m of the soil layer developed from young volcanic ash. e condition became the major barrier for the cultivation in agricultural land.
Kaolinite was the dominant clay type in the study area [20] . erefore, the soil order in the study area was in general Inceptisols. Kaolinite was a 1 : 1 clay layer, and dehydrates more than halloysite [21] . e domination of kaolinite in soils that developed from weathered volcanic materials made sense because the halloysite might undergo transition into kaolinite in humid-tropical climate as a result of advanced stage of weathering of volcanic materials [22] . e kaolinite clay type was strongly indicative of the formation of clay slip. e clay slip became a determinant factor in triggering landslides since it related to shear strength of soils. It triggered the landslides and might result in an interlayer between the unconsolidated upper layer (soil) and the consolidated underlying layer (weathered parent rocks). In contrast to the smectite clay type that controlled the landslide because of its swelling properties, the kaolinite clay type might control the landslide because of its slip characteristic. e study by Budianto [23] showed that the study area had soft clay type considering the cohesion value and the free shear strength of soils. Consequently, stresses in the soft clay layer could in the situation which easily changes the structure of the clay that triggered the landslides.
ese very thick clay layers were mostly found in the profiles induced by hydrothermal alteration. Based on field observation, these thick layers were caused by several B-horizons as indicated by layering of argillic horizons under different intensities. Pratiwi [24] showed that the prediction based on geoelectric measurement results in clay layers which more than 150 m thick. It was corroborated by the study of Pirajno [25] who found that the hydrothermal alteration might generate argillic and result in the formation of clay minerals because of the increase in H + activities during the alteration sequence of the metasomatism process in which the mineral exchange occurred between the altered rocks and the ions carried by water [26] .
e clay sensitivity level decreased with the increase in soil water content. It was clearly observed in Table 3 that most of the soil layers had high clay sensitivity. Consequently, it became the primary proof of the formation of the clay slip in the study area. is high clay sensitivity was established when the liquid limit was lower than the soil water content. e domination of the kaolinite type in the study area resulted in significant relation to saturated CEC, cation bases, and base in the profiles. e kaolinite had difficulties in absorbing cations [27] . erefore, the clay type caused very low CEC values (<10 me/100 g).
e very low exchanging capacity of cations caused very low rate of base cations (Na + , K + , Ca 2+ , and Mg 2+ ) and hence resulted in very low saturated base.
e quantitative mineralogical analysis of soil parent materials was made in the study using X-ray Fluorescence (XRF) to complete the qualitative mineralogical analysis. e results of the XRF showed that SiO 2 was the dominant mineral (Table 4 ). e presence of the SiO 2 indicated that the parent rock has been weathered and altered intensively so that those processes leached the major and minor minerals and alkali elements of the parent rock [28] . e results of the analysis showed that the major minerals contained in all soil parent materials were SiO 2 , Al 2 O 3 , and Fe2O3, while the major alkali elements were O, Fe, Si, and Al (Table 4 ).
Discussion
e presence of very thick clay layers caused several difficulties in land management because the thick clay layer had massive, hard, and consistent soil structure. It caused particularly high incidence of landslides. Additionally, the crops cultivated in the land with the very thick clay layers did not grow well. e landslides were considered as a significant factor in the redistribution of the soils in the study area. During the redistribution of the soils, they not only removed the surface soil layer but also certain amount of slope materials as a hillslope deposit [29] [30] [31] .
ey could redistribute soils abruptly and faster because they could redistribute soils from upper to lower slopes in a large block of soils.
e impact of the landslides in the study area on the redistribution of soils was observed in the formation of the three zones of landform, that is residual, erosional, and depositional zones (Figure 2 ). e residual zone was located in the peak areas of interfluves hills. e soils in the residual zone had massive soil structure and very hard consistency due to the occurrence of high content of clay (Table 1) . e residual zone, as the area that has not slid yet, was limited in land resources, and it was difficult to apply a good soil management practice in it.
e occurrence of the erosional zone as upper slope and the depositional zone as lower slope showed the presence of landslides. e erosional zone might act as water recharge areas for the depositional zone at the lower slopes. In the areas of active landslide, the environmental conditions seemed to be more favorable for the survival of living creatures. e soils in the erosional zone consisted of secondary pores in the forms of cracks due to limited soil movement. e presence of the soil cracks ensured air and water movement in the soils that enabled vegetation to grow better. It was clearly observed in Table 5 that the soils in the Applied and Environmental Soil Science erosional and depositional zones of the landslide body were indicative of slightly fast to very fast permeability. Also, the data showed that the Cole index in the samples was in the range of low to medium. e Cole index and the permeability were the properties that closely related to the clay content of the soils. Low clay content of the soils would result in low Cole index and was followed by the high rate of permeability. Consequently, the data of the properties resulting from the erosional and depositional zones (Table 5) showed that the clay content in the zones was not as effective as that in the residual zone. ere has been a decrease in the clay content in the erosional and depositional zones as compared to that in the residual zone because of the presence of landslide activities. As a proof, it can be shown by the productivity of palm sugar from coconut trees and other agricultural products in the depositional zones which was higher than that in the residual zones. erefore, in the ecological perspective, the landslides might provide people with benefits in the land management of high clay areas. On the one hand, the erosional zone in the landslide body might act as the water recharge area for the depositional zone at lower slope. On the other hand, the landslides have resulted in depositional zones with relatively gentle slopes, which usually ranged from 4°to 15°and higher water availability. erefore, local people could use the depositional zone in the landslide body as agricultural land. It was because the soils were of friable structure and had high content of soil organic matters that ensured its high capacity to support the growth of crops indicated by stand height, stem diameter, enough leaves, and good roots.
In this case, the landslides had good impact rather than bad impact on land. ey played a significant role in redistributing soils from upper slope to lower slope. Consequently, landslide-redistributed soil materials were the results of the removal of the cover materials from the upper/middle slopes downward to the lower slopes in large quantities [29, 33] . e landslide-redistributed soil materials were potential for immediate cultivation (Figure 3) . It was because of the landslideredistributed soil materials that the soil aggregate stability usually decreased and soil moisture changed [34, 35] . Furthermore, the landslide-redistributed soil materials were contained by mixed soil materials that usually produced weak soil aggregates, and hence, it was easier for plants to grow on the soil materials as growing medium.
Different types of landslide-redistributed soil materials gave different cultivation possibilities. Unconsolidated landslide-redistributed soil materials, as entirely consisted of soils, were proper mainly for the cultivation of the crops such as cassava, long bean, curcuma, ginger, and sweet potato (Figure 3(a) ). On one hand, the domination of soils in the landslide-redistributed soil materials was the causal factor of the inability of the soil to adequately hold wood plants. On the other hand, mixed landslide-redistributed soil materials might involve soils and saprolith.
e mixed landslideredistributed soil materials were proper for the cultivation of wood plants such as teak wood (Tectona grandis) and sengon (Albasia marina) (Figure 3(b) ). Actually, the mixed soil materials made the soil more stable, and hence, they were proper for the cultivation of wood plants.
e landslide-redistributed soil materials in some areas were also potential as the natural water storage [20] . e soils dominated by clayey materials were highly capable of storing infiltration water because of finer soil aggregates. Different permeability of landslide-redistributed soil materials and the underlying materials might initiate the occurrence of seepage. Consequently, most seepage was found around the toe landslide deposits. e higher capability of water storage in landslide-redistributed soil materials would enable the soils to better support plant growth than the residual soils.
In landslide prone areas like the study area, the landslideredistributed soil materials became predominant cover materials and hence acted as new soil parent materials. For a long time, they have been commonly recognized as soil parent materials [27] because they contributed to the creation of new pedogenesis [31] .
ese soil materials also caused lateral variation of the uppermost soil parent materials in the study area. Consequently, their presence on slope surface interrupted the influence of underlying soil development [31, 36] and hence brought about new soil formation. Applied and Environmental Soil Science 7
Conclusions
e ecological roles of landslides are described through field empirical evidences in landslide locations that are cultivated by local people as agricultural land. is study concludes that the active landslide areas are having better vegetation cover.
e surface material movement due to landslides has removed the residual zone in which the structure of the soils is massive and the consistency is very hard because of high clay content. Additionally, the landslides have created depositional zone with relatively gentle slopes, higher water availability, easier soil management, and better soil characteristics for cultivation. Crops grow well in this zone. us, the landslides might act as the rearrangement process of landforms for better living environment, especially in areas with high clay content. e use of land resources should follow the natural arrangement of landform to achieve land sustainability and to avoid unexpected landslide event in the future.
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